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Sir: 



I, Peter Robert Schofield of the Prince of Wales Medical Research Institute, Sydney, New 
South Wales, 2010, Australia, declare as follows: 

1. I am currently the Executive Director and CEO of the Prince of Wales Medical Research 
Institute. I also hold an appointment as a Professor of Medicine at the University of New South 



2.. I graduated from the University of Sydney with the degree of Bachelor of Agricultural Science 
with Honours in 1982, In 1985 3 I received my PhD in genetics from the Australian National 
University, In 1998, I was awarded the degree of Doctor of Science by the University of New 
South Wales. I have published over one hundred and ninety scientific papers in the fields of 
genetics, molecular biology and neuroscience. I have given presentations at many local and 
international conferences and serve on several government committees in the 
healthcare/pharmaceuticals area. A brief form of my CV is attached as Exhibit 1. 

3. This declaration relates to an examination by the United States Patent and Trademark Office 
(USPTO) to United States Patent Application No, 09/287,632 in the name of Commonwealth 
Scientific and Industrial Research Organisation ("CSIRO"). 



Wales. 
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4. In view of my qualifications and experience in molecular biology, especially my knowledge of 
gene cloning and gene structure, I believe I am qualified to comment on the technical aspects of 
the United States Patent Application No. 09/287,632 (hereinafter "the ! 632 application"). 

5. I have read and understood the following documents which are relevant to the present 
examination: 

a) Complete specification of PCT Patent Application No. WO 99/53050, which is 
equivalent to the '632 application; 

b) An Office Action from the USPTO dated February 8, 2007 in connection with the 
'632 application; 

c) The pending claims of the '632 application. 

6. I have been requested by the CSIE.0 to provide my comments in relation to the statements made 
by the USPTO examiner in the Office Action, specifically with regard to claims 85, 91, 106, 107 
and 108, which recite the inclusion of an intron, 

7. Unless stated to the contrary, when I express an opinion in this Declaration, I am expressing the 
view that I believe a person of ordinary skill in the field of the '632 application would have held 
as of 8 April 1998, the priority date of the application. 

My Opinion 

8.. Example 6 of the specification describes the use of an intron {Flaveria trinervia pyruvate 
orthophosphate dikinase intron 2) in a DNA region encoding sense and antisense sequences. 
Tobacco plants transformed with the constructs were subsequently challenged with PVY. The 
results presented in Table 8 (page 47) show that the inclusion of an intron (in either the sense or 
antisense orientation) resulted in 22 or 21 of the 24 independent transgenic plants being immune 
to PVY challenge, respectively. This surprising result represented the highest percentage of plant 
resistance to disease reported in the entire specification, indicating that inclusion of an intron 
provided a highly desirable feature in construct design and treatment efficacy. 

9, This is further explained in the specification (page 23) in which it is stated "In fact, the inventors 
have unexpectedly found that inclusion of an intron sequence in the chimeric DNA genes 
encoding an RNA molecule comprising the hairpin RNA, preferably in the spacer region, and 
preferably in the sense orientation, enhances the efficiency of reduction of expression of the target 
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nucleic acid- The enhancement in efficiency may be expressed as an increase in the frequency of 
plants wherein silencing occurs, or as an increase in the level of reduction of the phenotypic 
trait" 

10, Example 1 of the specification (page 36) also makes reference to introns.. In this case it states "a 
castor bean catalase intron (Ohta et al„, 1990) as modified by Wang et al. (1997) ("intron")." 
Subsequently it is stated (page 37) "In addition, T-DNA vectors were constructed to evaluate the 
influence of a presence of an intron sequence in the chimeric genes encoding CoP constructs," 

11, The results of these experiments are reported in Example 1 and Table 2, It states (page 39) 
"Supertransfoimation with GUSd in a sense or antisense orientation, with or without an intron or 
an early stop codon, showed some degree of reduction (in about 25% of the analysed calli) of the 
endogenous GUS activity". 

12. Thus, the specification makes reference to introns generally, as discovered and described by 
Sharp and Roberts, and then proceeds to demonstrate the effects of using two different intron 
sequences, supporting the view that the inclusion of an intron (any intron) will confer the 
desirable features of the invention, 

13. A person of ordinary skill in the field, would have understood that introns are part of the 
transcribed DNA sequence of a gene that is non-coding or intervening, and are removed from the 
heterogeneous nuclear RNA (hriRNA or pre-mRNA) transcript of the gene by the spliceosome 
complex. The spliced hnRNA becomes the mRNA. Most, but not all, eukaryotic genes contain 
introns, as do mitochondrial and chloroplast genes. 

14, Introns were discovered in 1977 by Phillip Sharp and Richard Roberts. Their discovery altered 
the previous view that genes were continuous stretches of DNA that served as direct templates for 
mRNA molecules, which form the templates for protein synthesis, This discovery was recognized 
by tire award of the Nobel Prize for Physiology or Medicine in 1993. The press release, issued by 
the Nobel Assembly, about this work and its significance is notable because it refers to introns as 
a class, and does not make specific distinctions about any particular' intron. The press release is 
attached hereto as Exhibit 2. 

15. The general nature of this discovery, and its translation to all of eukaryotic cell biology was such 
that it was featured in both the most highly rated scientific journals such as Science and in the 
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more generally accessible journals such as Scientific American. For example, Francis Crick stated 
in a review in Science on "Split genes and RNA splicing" {Science 204: 264-271, 1979) that "A 
number of genes in higher organisms and in their viruses appear to be split, That is, they have 
"nonsense" stretches of DNA interspersed within the sense DNA. The cell produces a full RNA 
transcript of this DNA, nonsense and all, and then appears to splice out the nonsense sequences 
before sending the RNA to the cytoplasm. In this article what is known about these intervening 
sequences and about the processing of the RNA is outlined. Also discussed is their possible use 
and how they might have arisen in evolution," Similarly, an article by Pierre Chambon titled 
"Split Genes" was published in 1981 describing the discovery and characterization of introns 
{Scientific American 244, 60-71), 

16. This view about the generality of introns was supported by the research that I undertook, the 
journal articles that I read and the work conducted by my colleagues in the same laboratory from 
the commencement of my PhD studies in 1982 and further from the commencement of my 
postdoctoral studies in 1985. 

17. Specific examples of work involving the identifrcation of introns and confirming that all introns 
conform to a common design was undertaken in my laboratory by my colleagues. For example, in 
1982, Dr Robert Richards published an article in the journal Nature in which they reported the 
complete nucleotide sequence of two members of the human metallothionein gene family. They 
were able to deduce that one gene was a functional metaliothionein-II gene, while the other was a 
pseudogene, lacking introns, but terminating in a poly(A) tail. (Karin, M and Richards, RI, (1982) 
Human metallothionein genes-primary structure of the metallothionein-H gene and a related 
processed gene. Nature 299: 797-802). 

18. In another study undertaken my fellow PhD student, Anthony Mason, he characterized and 
published an article in the journal Nature describing the structure, including intron-exon structure, 
of a mouse genomic clone containing a complete kallibein gene (mGK-1) and the 3' end of 
another (mGK-2). (Mason, AT, Evans, BA, Cox DR, Shine, J and Richards RI. (1983) Structure 
of mouse kallikrein gene family suggests a role in specific processing of biologically active 
peptides. Nature 303: 300-307). 

19. Other research in my laboratory concerned the cloning of the leghaemoglobin gene from the 
soybean. Both Marcker's and Verma's laboratories reported the primary gene structures of 
structures of soybean leghemoglobin genes. It will be noted that the term 'primary structure ' 
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means the genomic DNA structure, from which, by analysis of the mRNA structure, as deduced 
by analysis of cDNA sequences, it is possible to simply deduce the intron-exon structure of the 
gene. Hyldig-Nielsen et al in their paper 'The primary structures of two ieghemoglobin genes 
from soybean' (Nucleic Acids Res 10: 689-701, 19S2) presented "the complete nucleotide 
sequences of two Ieghemoglobin genes isolated from soybean DNA. Both genes contain three 
intervening sequences which interrupt the two coding sequences in identical positions." They 
concluded that "the general DNA sequence or ganization of these plant genes is similar' to that of 
other eukaryotic genes." 

20. Wibotg et al. in their paper 'The nucleotide sequences of two Ieghemoglobin genes from 
soybean' (Nucleic Acids Res 11: 3487-94, 1982) stated "We present the complete nucleotide 
sequences of two Ieghemoglobin genes isolated from soybean DNA. Both genes contain three 
intervening sequences in identical positions." 

21.. Brisson and Verrna in their paper "Soybean Ieghemoglobin gene family: normal, pseudo, and 
truncated genes" (Proc Natl Acad Sci USA 79: 4055-4059, 1982) stated "Leghemoglobin (Lb) 
genes in soybean represent a small family of closely related genes. Three Lb sequences isolated 
from a genomic library were analyzed at the nucleotide sequence level. A Lb gene present on an 
11.5-kilobase (kb) EcoRI genomic fragment spans approximately 1,200 nucleotides and is 
interrupted at amino acid positions 32 to 33, 68 to 69, and 10.3 to 104 . The intervening sequences, 
as well as the 5' and 3' flanking regions of this gene, contain the consensus sequences found in 
other eukaryotic genes." 

22. At the same time Stephen Mount published a paper entitled "A catalogue of splice junction 
sequences" (Nucleic Acids Res 10: 459-472, 1982) which has attracted numerous citations for the 
consensus sequences that define intron-exon splice boundaries. The paper's abstract states "Splice 
junction sequences from a large number of nuclear and viral genes encoding protein have been 
collected, The sequence CAAG/GTAGAGT was found to be a consensus of 139 exon-intron 
boundaries (or donor sequences) and (TC)nNCTAG/G was found to be a consensus of 130 intron- 
exon boundaries (or acceptor sequences). The possible role of splice junction sequences as signals 
for processing is discussed." 

23,. The work by Mount defined the GT-AG sequences as forming the boundaries of all eukaryotic 
introns. Because of this, it has been possible to define and use introns irrespective of location in a 
gene or the organism from which the gene was isolated. 
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24. The Office Action states (page 4) "The specification, claims and the art do not adequately 
describe the distinguishing features or 1 attributes concisely shared by the members of the broad 
genus comprising DNA constructs whereby any intronic sequence is inserted anywhere in the 
chimeric DNA, and whereby the DNA construct provides for the function claimed, of generating 
a gene silencing construct that reduces phenotypic expression of any nucleic acid of interest in 
any plant and in any eukaryotic cell." Further the examiner states "The specification fails to teach 
or adequately describe a representative number of species in the genus such that the common 
attributes or characteristics concisely identifying members of the proposed genus are exemplified 
(e.g. the myriad of sequences encompassed by the genus intron, or intronic sequences is vast, and 
further whereby any intronic sequence is inserted anywhere within the DNA construct and a DNA 
chimeric construct generates a gene silencing construct which reduces the phenotypic expression 
of any nucleic acid of interest in any eukaryotic cell). And because the genus claimed is so highly 
variant, the description provide is insufficient whereby a representative number of chimeric 
constructs provide for the functions claimed, of reducing the phenotypic expression of any 
nucleic acid of interest in any eukaryotic cell or plant.. One of skill in the art would reasonably 
conclude that the disclosure, at the time of filing, fails to provide a representative number of 
species to describe the broad genus claimed. Thus, Applicant was not in possession of the claimed 
genus." 

25. As noted above, the specification teaches two intron sequences, not one as stated in the Office 
Action (page 4). 

26. With regard to the state of the art, by the early 1980s it was clear that the broad genus 'intron' 
could be easily and reliably defined by comparison of genomic DNA and cDNA (or mRNA) 
sequences, and that there were well defined elements that allowed the categorical definition of 
introns. 

27. That the inclusion of an intron significantly enhances the effectiveness of the construct in 
reducing target gene expression is abundantly clear from the specification of the Application. 

28. The Office Action also refers to statements in Smith et al. Nature 407: 319-320, 2000. For 
example, the examiner quotes Smith who state "How does the presence of this intron enhance 
silencing efficiency? The process of intron excision from the construct by the spliceosome might 
help align the complementary arms of the hairpin in an environment favouring RNA 
hybridization, promoting the formation of a duplex. Alternatively, splicing may transiently 
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increase the amount of hairpin KNA by facilitating, or retarding, the hairpin's passage from the 
nucleus, or by creating a smaller, less nisclease-sensitive loop." 

29. Ultimately, the mechanism by which the presence of an intron results in the enhanced efficiency 
of tar get gene silencing is not relevant to what is being claimed in the current claims of the '632 
application. A person of ordinary skill in the field of the application would have understood from 
reading its specification that the presence of an intron (generally any intron) will enhance the 
target gene silencing. This is supported by the examples in the specification in the light of the 
prior ait literature which clearly specifies and defines the broad genus 'intron,' 

30. Given the general applicability of the teachings of the specification to any potential target gene 
and any intron, it is my opinion that the '632 application sufficiently described the full range of 
chimeric DNA constructs recited in the claims. A person of ordinary skill would have recognized 
that the teachings of the specification could be practiced with more than a sufficient number of 
known nucleic acid sequences of interest (i.e. target genes) and intron sequences to be 
representative of the genus as a whole. Therefore, I believe that a person of ordinary skill in the 
filed would have recognized that the applicants were in possession of the full scope of the 
claimed genus at the time the application was filed. 

31. I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 



Date: 
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The Nobel Assembly at the Karollnsks Institute has today decided to award the 1993 
Nobel Prize In Physiology or Medicine Jointly to 

Richard J. Roberts ant! Phillip A. Sharp 

for their discovery or "spilt genes", 

Summary 

Our knowledge regarding the genetic material, the genes, has Increased dramatically 
during the last forty years due to achievements In the area of molecular biology, During 
the first decades, studies Dn simple organisms, In particular bacteria and bacterial viruses, 
dominated., A gene was conceived as a continuous segment within the very long double- 
stranded DMA molecules, the chemical substance or heredity. This simple picture of gene 
structure completely changed when Richard 3, Roberts and Phillip A. Sharp In 1977 
Independently discovered that genes could be discontinuous, that Is, a given gene could 
be present In the genetic material {DNA) as several, well -separated segments. As their 
experimental model system, both Roberts and Sharp used a common cold -causing virus, 
called adenovirus, whose genes display Important similarities to those In higher 
organisms, Shortly thereafter It could be shown by several researchers that spilt genes 
are frequent In higher organisms, Including man 

Roberts' and Sharp's discovery has changed our view on how genes In higher organisms 
develop during evolution The discovery also led to the prediction of a new genetic 
process, namely that of splicing, which Is essential Tor expressing the genetic Information. 
The discovery of spilt genes has been of fundamental Importance for today's basic 
research In biology, as well as for more medically oriented research concerning the 
development of cancer and other diseases 

The genetic material 

During the last rorty years our knowledge of how the genetic material, the genes, governs 
the basic activities of life has increased dramatically . This Is due tD progress made within 
molecular biology, the area In science which explores biological phenomena and structures 
at the molecular level. Many of the most Important discoveries within this area have been 
awarded a Nobel Prize. Examples Include the discovery of how the nucleic acid DNA, the 
chemical substance of heredity, Is built (1962), how the synthesis of nucleic acids takes 
place (1959), how the activity of genes Is regulated (1965) and what the genetic code 
looks like (196B). This knowledge evolved primarily through studies of simple organisms 
such as bacteria and viruses Infecting bacteria. 

The general concept prevailing during the mid 1970s regarding the hereditary material 
and Its function can be summarized as follows, A gene exists as a continuous stretch 
(segment) wltbln a long, double-stranded DNA molecule. When the gene Is activated, Its 
information Is copied Into a single-stranded UNA molecule, called messenger RNA, which 
translates the Information Into a protein (figure 1A). 

This simple picture of the sequence or events radically changed through the discovery 
made in 1977 by Richard 3. Roberts, working at tbe Cold Spring Harbor Laboratory on 
Long Island, New York, and Phillip A. Sharp, working at tha Massachusetts Institute of 
Technology In Cambridge, USA They found that an Individual gene can comprise not only 
one but several DNA segments separated by Irrelevant DNA (figure IB) Such 
discontinuous genes exist In organisms more complex than those studied earlier. 
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Figure 1: Gene structure and the How of genetic Information in bacteria (A) and higher 
organisms (B) In bacteria, the genetic Information Is stored as a continuous segment of 
DNA, ant! the messenger RNA can Immediately direct the synthesis or the corresponding 
protein In higher organisms, the gene is usually split, and the messenger RNA has to be 
processed by splicing before It can be translated Into a protein. 



How the discovery was made 

Roberts and Sharp were studying the genetic materia! In adenovirus, a virus causing 
common cold. Tilts virus infects the cells of higher organisms, and Its genome has many 
properties resembling those of the host cell At the same time, adenovirus has a simple 
structure, making It a very valuable experimental model for studying genes and their 
function In higher organisms- The genome of adenovirus consists of one single bng DNA 
molecule Roberts' and Sharp's aim was to determine where in the genome different 



In biochemical experiments It was shown that one end or an adenovirus messenger RNA 
did not behave as expected. One of several possible explanations was that the DNA 
segment corresponding to this end was not located in the Immediate vicinity of the rest Df 
the gene. To determine where this segment was located on the long DNA molecule, they 
used electron microscopy. They surprisingly found that a single RNA molecule 
corresponded to no less than four well-separated segments in the DNA molecule (llgure 
2). Roberts and Sharp came to the conclusion that the genetic information in the gene 
was discontinuous^ organized in the genome, a conclusion that contradicted the 
commonly held view regarding the structure or genes. The discovery immediately led to 
Intensive research to find out whether this gene structure Is present also In other viruses 
antf in ordinary cells Very soon after the Initial discovery, several researchers could show 
that a discontinuous (or split) gene structure was common - and In fact the most common 
gene structure in higher organisms. 




Figure 2: Schematic representation of the experiment that demonstrated that adenovirus 
DNA contains split genes. The genetic Information In the messenger RNA resides In the 
DNA as four segments, which are separated by three Intervening regions (a, b, and c), In 
the experimentally produced hybrid between one of the DNA strands and the RNA, the 
intervening sequences In the DNA strand appear as bops, he, the corresponding segments 
lack counterparts In the RNA The hybrid could be directly visualized In the electron 
microscope. 
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The importance of the discovery 

A gene may thus consist of several segments, usually termed axons separated by 
intervening DMA, termed Intmns. This knowledge has radically changed our view on how 
the genetic material has developed during the course of evolution It has long been 
considered likely that evolution takes piace as the result of the accumulation of minor 
alterations In the genetic material (mutations) resulting In a gradual change. 

As a consequence of the discovery that genes are often split, It seems likely that higher 
organisms in addition to undergoing mutations may utilize another mechanism to speed 
up evolution: rearrangement [or shuffling) of gerse segments to new functlona! units. This 
can take piece In the germ cells through crossing-over during pairing of chromosomes. 
This hypothesis seems even more attractive following the discovery that individual exons 
In several cases correspond to bulidlng modules in proteins, so-called domains, to which 
specific functions can be attributed An exon In the genome would thus correspond to a 
particular subfunetlon in the protein and the rearrangement of exons could result In a new 
combination of subfunctlons In a protein. This kind of process could drive evolution 
considerably by rearranging moduies with specific functions 

The discovery that genes cars consist of two or more segments Immediately led to a 
prediction with both surprising and important consequences. The first RNA product 
synthesized containing both axons and Introns has to be "edited" such that the Introrss are 
cut out end the remaining exons are Joined together to form a shortened RNA moiecule. It 
has now been established that this process Indeed takes place, and we have already 
accumulated detailed information on its nature. The process Is called splicing and In 
higher organisms It represents en additional step In the transfer of information as 
compared to what usually occurs In lower organisms (figure IB). The importance of 
splicing became particularly apparent, when it was found that it Is not always the same 
segments that are Identified as exons and are included in the final UNA molecule- In 
different tissues or developmental stages, the final RNA molecule may be different due to 
the utliliatlon of alternative exon combinations. Thus, the same DNA region can In many 
cases determine the structure of many different proteins The process Is called alternative 
spildng and represents a fundamentally new principle: the genetic message, which gives 
rise to a particular product, is not definitely established at the stage when the RNA Is first 
synthesized . Instead, It Is the splicing pattern that determines the nature of the final 
product 

Medical aspects 

Hereditary diseases are common - their estimated number Is today no less than about 
5000- Some of them are due to errors in the spildng process The most studied of such 
diseases Is beta -thalassemia, an anemia prevalent primarily In some Medlterranian 
countries . 

The disease Is due to a faulty protein, which forms part of hemoglobin in red Wood cells . 
The: protein is called beta-glabin If no or badly functioning beta-globln Is made, the life- 
span of the red blood cells is shortened resulting in anemia. In different patients, small 
defects In the genetic material have been found, resulting In errors In the splicing process 
and thus in the synthesis of poorly functioning beta-globin. In the upper part of figure 3 
the normal spildng of beta-globln RNA is shown (A). If the globln gene is damaged 
{marked by an arrow) It may, for example, lead to the formation of a larger than normal 
exon during splicing (B), or to the formation of a completely new exon (C). 




Figure 3: Defective spildng causing beta -thalassemia. A norma! beta-globln gene Is 
presented In A, and two mutated genes that result In beta -thalassemia ore shown In B 
and C. Arrows mark the position of point mutations The Interrupted lines denote the 
segments that are being joined during the spildng process In the healthy Individual, three 
segments are spliced as shown In A. In one of the thalassemia cases, an unusually long 
third segment Is formed (B), while In the second one, an extra segment is produced {C). 

Another example showing the connection between disease and the organisation of the 
genetic material Into exons and Introns is chronic myeioic leukemia, a type of cancer of 
the blood. Characteristic for this disease Is the presence In tumor cells of a special, 
shortened chromosome, cailed the Philadelphia chromosome, named after tile dty In 
which it was discovered. This chromosome has arisen In s white bioocf cell by fusion of 
one end of chromosome 22 to one end of chromosome 9. At the break-point, a large 
portion of a cancer gene has been joined to another gene- Here we Bre thus dealing with 
two genes, which are now copied into one single RNA molecule During the splicing 
process exons from the two genes are spliced to form an RNA molecule that specifies the 
synthesis of a new protein, a sD-called fusion protein. This new protein gives rise to 
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